ABSTRACT: Abundance of the ctenophore Pleurobrachia pileus and s h t y were studied at a station in the western Kiel Bight from January to July 1981. Results suggest that variations of the ctenophore stock were primarily caused by advection and did not reflect the biological population cycle of this species.
Kiel Bight and adjacent areas connect the Kattegat with the relatively less saline waters of the Baltic proper. Strong oscillations in the hydrographic conditions of thls transition area occur due to the prevailing wind regime and the annual river runoff pattern (summarized by Lenz 1977a) . The advection of either Kattegat or Baltic water into Kiel Bight can be monitored comparatively easily by studying changes in salinity (Kandler & Wattenberg 1940 , Wattenberg 1949 .
Such hydrographic variations make biological investigations complex, because polyhaline and mesohaline waters exhibit dfferent plankton populations (Lenz 1977b) so plankton studies at a fixed station are affected by horizontal water movements. Such movements are most pronounced in Kiel Bight from spring to autumn (Lenz 1981) . Advective processes may, on the one hand, transport plankton species into Kiel Bight which do not normally occur in this area ('indicator species'; Kandler & Wattenberg 1940) and, on the other hand, induce variation in abundance of indigenous species if generation times are greater than the residence time of the water in Kiel Bight. These variations cannot be explained by reproduction and mortality rates. Therefore, a closer look at the role of horizontal water movements on planktological studies is needed. The aim of this note is to demonstrate the effect of advection on the abundance of the ctenophore Pleurobrachia pileus during the first half of 1981.
The investigation was carried out between January and July 1981 inclusive at the 'Boknis Eck' station in the western Kiel Bight (Fig. 1) . Water depth at the O Inter-Research/Printed in F. R. Germany station was 26 to 27 m, and samples were taken every 2 wk. Ctenophores were collected with a 'Helgolander Larvennetz' (diameter 1 m, 300 pm mesh) by vertical hauls from about 2 m above the sea bottom to the surface. Individuals were counted alive in the laboratory and their diameters measured. For younger stages a dissecting microscope was used. Hydrographic conditions were recorded using an Electronic Switchgear TS-Probe.
During winter, water was well mixed, with salinity values close to 20 560 (Fig. 2) . Due to advection of Baltic waters in spring, salinity decreased to minimum values at the end of April. This is a regular annual event (summarized by Babenerd 1980 Babenerd , 1986 caused by increase of river discharge due to melting snow and ice (Brogmus 1952 ) and increase of easterly winds (Schweimer 1978) . In contrast, the summer situation is characterized by a well-developed halocline and salin- MONTH ity values up to 24 %O in the deeper layers. Westerly winds predominate during this season (Schweimer 1978) leading to an influx of higher salinity Kattegat waters into Kiel Bight, forming the near-bottom layers.
Abundance of Pleurobrachia pileus was low in 1981; the highest value recorded was 55 ind
In spring values dropped to zero, but in summer a repopulation occured (Fig. 3) . Cruises to 3 other localities in the Kiel Bight substantiated the abundance pattern obtained at 'Boknis Eck' (Schneider 1981) . Larvae and very young juveniles were not observed at any time during the investigation. The diameter of all individuals caught ranged from 5 to 15 mm in winter and spring and from 10 to 18 mm in summer.The averaged salinity (S) of the water column and abundance (A) of the ctenophores are significantly correlated:
It seems that the fluctuations in abundance which coincided with those in salinity were caused by advective processes and predominately reflect the different ctenophore loads in the water masses. In Kiel Bight P. pileus reaches its maximal population density in autumn and winter and the decline of the stock in spring has been noted by many investigators (Mobius 1873 , Krumbach 1926 , Kandler 1961 , Hdlebrandt 1972 , Lenz 1973 . The disappearance in spring cannot be explained by predation or any other factor leading to mortality. We know that ctenophores of the genus Beroe, some scyphozoan medusae, the pelagic polychaete Tomopteris and some species of fish prey on P. pileus (Cargo & Schultz 1967 , Fraser 1970 , Greve 1972 , 1977 , but these animals do not occur in Kiel Bight in early spring. Infestation with parasites (e.g. Greve 1969 ) was not observed during this investigation, food limitation seems to be improbable due to low ctenophore abundance, and changes of temperature and salinity were well within the ecophysiological abundance (A) versus averaged salinity (S) range of this species (Greve 1972) . This situation is similar to that described by Deason & Smayda (1982) , where a lobate species, Mnemiopsis leidyi, disappeared from Narragansett Bay plankton for no apparent reason. However, the process of advection may explain the decrease in P. pileus abundance in spring. This species is found in the Baltic up to the Finnish coast, but only occurs at depths greater than 40 m (Mielck 1926 , Mielck & Kiinne 1935 due to the socalled brackish water submergence (Rernane 1940) . The annual outflow of low salinity Baltic waters in spring, however, is restricted only to surface layers, and no individuals of the Baltic P. pileus stock will be transported into Kiel Bight by this process. Therefore, the water masses entenng the Kiel Bight in spring are devoid of ctenophores and it can be suggested that the ctenophore stock developing in autumn and winter is flushed out in spring northwards to the Belt Sea area and southern Kattegat. It is possible that a part of the ctenophore population migrated to the near-bottom water layers, thus accumulating below the deepest position of the net's mouth. An underestimation of the ctenophore stock and a higher predation pressure by benthic animals such as Metridium sende, Carcinus rnaenas or Eupagurus bernhardus would result (Greve 1972) . However, plankton hauls by Fahlteich (1981) taken 0.5 m above the sea bed at the same station and time revealed no evidence for any higher near-bottom density.
In contrast to early spring, there is strong evidence that the observed repopulation by Pleurobrachia pileus in early summer (Fig. 3) is caused by the advection of high salinity but ctenophore-rich waters from the Belt Sea area and the Kattegat. Firstly, Driver (1908) and Kramp (1913 Kramp ( , 1915 showed that P, pileus reaches its maximal population density in the Belt Sea in May or June, which means that the potential for transport of ctenophores into Kiel Bight from this region is best in early summer. Secondly, long-term data collected by our department from 1957 to 1975 suggest inflow of waters from the Belt Sea area in summer to be a regular annual event (Babenerd 1980 ). This inflow is also indicated by the salinity data presented for 1981. From this, it seems reasonable to explain the sharp increase of P. pileus abundance in June 1981 by the advection hypothesis given above.
As an alternative hypothesis it might be argued that some winter specimens survived in near-bottom water layers and reproduced there, and the coarse mesh size of the net used did not retain the youngest stages which are only 100 pm in diameter. However, the absence of individuals smaller than 10 mm and the observations by Remane (1956) and Kandler (1961) that Pleurobrachia pileus larvae appear in Kiel Bight plankton only in autumn tend to support the advection hypothesis. Moreover, if some reproduction occurs the youngest stages will have heavy mortality. Greve (1972) described how young ctenophores are destroyed by adult copepods. This is important because the seasonal plankton cycle in the Kiel Bight exhibits a pronounced copepod peak in late spring (summarized by Smetacek 1985) . In addition, the scyphomedusae AureLia aunta shows its maximal growth period in late spring (Mijller 1980, Schneider unpubl.) which may also lead to high mortality in P. pileus larvae. Overall, it seems that advection was the dominant factor governing the abundance of P. pileus in the January to July period 1981. To distinguish between succession and sequence, the role of advection has to be considered in all Kiel Bight plankton studies, and in estuaries and semienclosed bays with similar circulation patterns. The importance of advection in the Kiel Bight has also been stressed by Banse (1956 Banse ( , 1959 and Kandler (1961) . Annual differences and seasonal fluctuations of zooplankton standing stock in this hlghly dynamic transition area should therefore also be discussed in this context.
